1. Introduction {#s0005}
===============

Cardiovascular fitness (CVF) is defined as the ability to perform large-muscle, whole-body exercise at moderate to high intensities for extended periods of time ([@bb0005]) and is related to multiple health outcomes in both adults ([@bb0160]) and children ([@bb0215]; [@bb0210]). CVF begins to develop at a young age and tracks into adulthood to predict future CVF, physical activity (PA) and healthy weight profiles ([@bb0130]). Although CVF early in life is primarily determined by biological factors ([@bb0135]), physical activity and developmental (e.g., motor competence) factors also contribute to differences in CVF in young children ([@bb0250]; [@bb0270]) and thus offer a means for improvement.

According to The Institute of Medicine (IOM), Early Care and Education Centers (ECECs) are primary targets for behavioral interventions because of the large number of young children they enroll ([@bb0140]). Children spend an average of 24.8 h per week at ECECs ([@bb0015]; [@bb0100]), which makes ECEC-based intervention an important place to leverage to influence CVF. Children at ECECs spend approximately 80% of their day in sedentary activities and only 2--3% in moderate to vigorous PA ([@bb0220]; [@bb0240]), and low levels of PA have been shown to be related to underdeveloped CVF in early childhood ([@bb0045]; [@bb0120]). Despite the association between PA and CVF, interventions focused on improving PA rarely examine concurrent change in CVF outcomes in young children ([@bb0290]), and several studies describe the correlation between PA and CVF as low ([@bb0045]; [@bb0050]), suggesting that tangential factors related to PA may also influence improvements in CVF.

CVF is also hypothesized to be related to higher levels of motor competence (MC) in young children through both physiological (i.e., improved neuromuscular function) and behavioral (i.e., motivation and activity participation choices) processes ([@bb0250]). Although the mechanisms themselves have yet to be tested, several systematic reviews already support the association between CVF and MC in children ([@bb0090]; [@bb0125]) and adolescents ([@bb0055]). Additionally, multiple environmental factors ([@bb0070]) have been shown to be related to MC in preschool age children, including factors found in the home and ECECs ([@bb0200]). The relationship between these findings suggest that a child\'s environment may contribute to the increases in CVF though both increases in PA and improvements in MC.

To date, only one review has examined the literature related to the improvements in CVF in young children (3 to 12-years-old) and was limited in scope by selecting only PA-related randomized controlled trials ([@bb0225]). Moreover, several sizable CVF intervention studies in preschoolers were excluded. The current review adds to the literature by focusing specifically on studies that included very young children (2.5 to 5.5-years-old), examining additional study designs, and focusing on intervention components that are hypothesized to affect CVF outcomes.

Multi-level, comprehensive school-based PA programs that include the child\'s home and community are recommended for PA promotion within school systems ([@bb0060]). Ecological models, like the Ecological Model of Physical Activity (EMPA), often serve as a framework for examining pathways across multiple environments (microsystems) of influence that create interactions (exosystems, mesosystems, and macrosystems connections) to affect PA ([@bb0265]), and can also provide guidance for exploring indirect pathways related to CVF. In addition, several ECEC-based studies have used ecological frameworks when intervening to influence CVF ([@bb0275]; [@bb0235]; [@bb0085]), which suggests that they would aid as a roadmap for assessing indirect factors that may also contribute to its improvement. Therefore, the purposes of this study were to 1) systematically review the literature on ECEC-based interventions designed to increase CVF and 2) determine ecologic environmental factors related to increases in CVF in preschool-aged children.

2. Methods {#s0010}
==========

2.1. Protocol and registration {#s0015}
------------------------------

This systematic review and meta-analysis was registered with the International Prospective Register of Systematic Reviews (PROSPERO; Registration no. CRD42018099115; <https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=99115>). It was conducted and reported following the Preferred Reporting Items of Systematic Reviews and Meta-Analyses (PRISMA) ([@bb0155]).

2.2. Data sources and search strategy {#s0020}
-------------------------------------

Literature searches were conducted in June of 2018 using seven electronic databases, including PubMed, Web of Science, Cochrane Library Trials, CINHAL, Science Direct, PsychINFO and SPORTDiscus. Advance-searching options were used, and identical search strings were entered into each database. All possible search terms were entered into each search string, using the Boolean operators "AND" and "OR" to connect terms. The search string used to identify articles was (preschool OR day care OR pre-k OR early care and education) AND (school-based intervention OR before school intervention OR after school intervention) AND (fitness OR physical fitness OR cardiorespiratory fitness OR cardiovascular fitness OR aerobic fitness OR aerobic capacity OR aerobic power OR physical work capacity OR maximal oxygen consumption). No search limits were set for study year or country where the study took place. Only articles in English were reviewed. One author (JS) completed initial searches, compiled a list of all article titles and removed the duplicates. Two authors (JS, EL) reviewed the title list independently, with duplicates removed, for inclusion into the study. Results were compared, and discrepancies were discussed until a consensus was reached. In the event that the two reviewers could not reach consensus, a third reviewer (REL) was asked to resolve the conflict. Once titles that definitively did not match the PICO (Population: preschool-aged children, Intervention: ECEC-based, Comparison: control group included, Outcome: CVF) were removed, reviewers repeated the review process a second time reviewing abstracts and full texts based on all eligibility criteria to determine the final studies to be included in this review. When searches identified multiple articles that described different aspects of the same study (e.g., follow up, different outcome measures, subgroup analysis), data from all articles were included into the review if articles contributed additional information related to CVF. This systematic review\'s precise search strategy was supplemented by identifying articles through reference lists and additional searches that took place as part of dissertation literature review to improve sensitivity.

2.3. Eligibility criteria {#s0025}
-------------------------

For inclusion in this review, studies had to be published in peer-reviewed journals, written in English, and meet the following inclusion criteria: (1) study reported mean age of participants between two and a half and five and a half years old enrolled in a pre-primary school, (2) interventions were either randomized controlled trials or quasi-experimental interventions with a control group; (3) interventions must have occurred immediately before, during, or immediately after school; (4) CVF must have been assessed either directly or through a field-based estimate (e.g., timed runs or distance runs); (5) participating children must have been apparently healthy with no known cognitive or motor skills deficit at recruitment.

2.4. Data extraction {#s0030}
--------------------

Research articles were critically reviewed several times. Main study characteristics were extracted and recorded in an excel spreadsheet for summarization, interpretation, rating, and comparison of study results. Study information related to effectiveness or possible intervention components was extracted from the article and included the following: (1) intervention length; (2) intervention setting (before, during, or after school); (3) age and number of participants included in the study; (4) country in which the study took place; (5) intervention characteristics; (6) methods of CVF measurement; (7) description of study findings; (7) inclusion of follow-up data (if applicable); (8) study design; and (9) characteristics needed for a rating of study quality.

2.5. Study quality assessment {#s0035}
-----------------------------

Study quality was rated using a Quality Index Score (QIS), a well-established and previously validated scale developed for use in both randomized and non-randomized controlled trials ([@bb0075]). QIS scores range from 0 to 28 (higher scores equal stronger quality) and when previously validated had high levels of internal consistency, test re-test reliability (*r* = 0.88), inter-rater reliability (*r* = 0.75), and criterion validity (*r* = 0.90). The QIS reports on several aspect of bias including quality of reporting, external validity, measurement/intervention bias, subject selection bias, and whether the study was appropriately powered. Two independent observers (JS, EL) completed the QIS and discrepancies were discussed until a consensus was reached. In the event consensus could not be reached a third reviewer (REL) helped to resolve the conflict.

2.6. Data synthesis {#s0040}
-------------------

A narrative synthesis was created for all studies. Results were synthesized by study design, region where the study took place, study quality, method of measurement for CVF, and intervention components included from each ecological level (individual, interpersonal, institutional, community, and policy) ([@bb0145]). Additionally, the number of studies within each synthesized category were tabulated and examined in an attempt to identify patterns within each tabulated group. Last, overall completeness, quality of the evidence, and potential biases in the review process were documented and discussed.

2.7. Meta-analysis {#s0045}
------------------

Pre-post intervention means and their standard deviations/standard errors were extracted from each study and transformed into mean differences and pooled standard deviations based on the units they were reported in (e.g., laps, stages, seconds). When multiple measures of CVF were present within one article the outcome measure that was most closely related to the definition of CVF ([@bb0005]) was selected. Studies that analyzed data subsamples separately (normal weight vs. obese), or made multiple measures within one test (heart rate at multiple workloads), were combined to create one effect size and weighted according to the number of participants in each group. When additional information was needed to determine effect size, authors were contacted up to three times in attempt to retrieve the data. If an author could not be reached, effect sizes were estimated from graphs as opposed to table values. Each study only contributed one effect size to the meta-analysis, despite the number of articles included in the review.

Hedge\'s *g*, a measure of effect size that corrects for the impact of small sample sizes and standard errors, was calculated for each sample that provided data ([@bb0040]). In the event two articles reported the same sample, the primary outcome paper was used to compute effect size. In addition, because interventions occurred in the ECEC setting, a design effect was applied that took into account the average number of subjects per classroom. An estimated clustering effect was used to correct the Hedge\'s *g* standard error for studies that did not originally control for clustering in their analyses. Puder et al. found an intraclass correlation (ICC) of 0.07 for measures of CVF in 40 preschool classrooms, while Kriemler et al. and Meyer et al. found ICCs between 0.02 and 0.04 in elementary children ([@bb0235]; [@bb0110]; [@bb0150]). An ICC of 0.07 was used when adjusting for clustering, as it provided the most conservative estimate.

Meta-analyses were conducted, and a forest plot was created in the Cochrane database review manager (Revman5) using adjusted effect sizes and their 95% confidence intervals ([@bb0245]). A summary effect was provided based on a random effects meta-analysis. Heterogeneity was estimated using Cohran\'s *Q* and a random effects meta-analysis was used, as it incorporates both within study and between study variance and provides a better estimate in cases where studies have high heterogeneity or low sample sizes. Sub-analyses were conducted to compute effect sizes for each of the following groups in an attempt to examine explain heterogeneity: study design (randomized controlled trials vs. quasi-experimental), length of intervention (one academic year vs. less than one academic year), world region where the study took place (North America vs. Middle East vs. China vs. Asia), method of CVF measurement (heart rate vs. shuttle runs vs. distance runs), and number of ecological levels included in the intervention (3+ vs. \<3). Last, a funnel plot was created using the Cochrane database review manager and visually inspected to examine potential publication bias based on methodological quality. Statistical tests were underpowered to detect publication bias, thus, were not used ([@bb0080]; [@bb0035]). A *p*-value of \<0.05 was considered significant for the primary meta-analysis and all sub analyses.

3. Results {#s0050}
==========

The search process returned 1197 individual titles that were reviewed for inclusion in the study. Seventy-four abstracts and full texts were read based on their title matching the PICO, and ten articles met all eligibility criteria and were considered acceptable for final review ([Fig. 1](#f0005){ref-type="fig"}). Of the ten articles, eight contributed individual effect size data ([@bb0275]; [@bb0235]; [@bb0085]; [@bb0305]; [@bb0115]; [@bb0175]; [@bb0180]; [@bb0010]). One article was a follow-up study ([@bb0185]), and another was a secondary data analysis ([@bb0195]). Of the eight studies that contributed individual data, three were almost identical interventions by the same research team, but the intervention was tested in three separate populations ([@bb0085]; [@bb0175]; [@bb0180]).Fig. 1Study selection process. Review conducted in June 2018.Fig. 1

Data extracted from the articles can be found in [Table 1](#t0005){ref-type="table"}. Sample sizes ranged from 24 to 795 children. All of the studies occurred during the school day, and interventions lasted between eight weeks and one full academic year. Seven of the eight studies had an experimental study design ([@bb0275]; [@bb0235]; [@bb0085]; [@bb0115]; [@bb0175]; [@bb0180]; [@bb0010]), whereas one ([@bb0305]) used a quasi-experimental study design. Three studies took place in the Middle East ([@bb0085]; [@bb0175]; [@bb0180]); two occurred in Asia ([@bb0275]; [@bb0305]); two were conducted in Europe ([@bb0235]; [@bb0115]); and one occurred in North America ([@bb0010]). Four studies used shuttle runs as their primary method of measurement for CVF ([@bb0275]; [@bb0235]; [@bb0175]; [@bb0180]); three used a timed run ([@bb0085]; [@bb0305]; [@bb0115]); and one ([@bb0010]) used heart rate response at multiple progressive workloads. In addition, one study used heart rate measurements before and after a specified workload as a secondary measure of CVF ([@bb0275]). The use of each level of the ecological model as an intervention components for each study can be found in [Table 2](#t0010){ref-type="table"}.Table 1ECEC-based intervention studies that examine cardiovascular fitness outcomes in preschool children.Table 1Author, yearIntervention setting; lengthPopulationCountryPA intervention componentsFitness measurementFindingsFollow-up findingsAlpert et al. 1990 ([@bb0010])During school; 8 weeks*n* = 24 children 3- to 5-years-old (mean age 44 months)USA30 min daily designed to increase HR to 60--80% HR max. Children exercised with music and imagery. HR was monitored every 10-min. Stickers were given for achieving HR goals.Cycle ergometer test at three workloads (12.5, 25, and 37.5 watts). Change in exercise HR.HRs were significantly lower at post-test compared to pretest for all workloads in the X group compared to the O group. Workload 1: O (+9 bpm) vs. X (−17 bpm). Workload 2: O (+7 bpm) vs. X (−16 bpm). Workload 3: O (+5 bpm) vs. X (−20 bpm).N/A  [@bb0085]During school; 14 weeks*n* = 101 upper-middle\
SES 5--6-year-oldIsrael2 parent orientation sessions. Teachers implemented sessions 4× per week and youth coaches implemented sessions 2× per week for 45 min/session (80% running games; 20% sports activities).600-m runO group significantly increased endurance run time by 6 s, while X group decreased by 14 s. Overweight and obese O increased by 7 s, while X decreased by 7 s.N/A  [@bb0175]; [@bb0185]During school; one school year*n* = 342 low SES 4.2--6.5-year-oldIsrael2 parent orientation sessions. Teachers implemented sessions 5× per week and youth coaches implemented sessions 1× per week for 45 min/session (80% running games; 20% sports activities).10-m shuttle run testO group decreased total number of laps by 10.2 ± 1.6 (males −7; females −14), while X group increased by 11.6 ± 1.4 laps (males +11; females +13); overweight and obese O decreased by 12 and 2 laps respectively, while overweight and obese X participants increased by 7 and 18 laps respectively.[a](#tf0005){ref-type="table-fn"}Nemet et al. (2014) *n* = 203 (59%); Both O and X had more laps 1 year later. The X remained significantly higher than the O.  [@bb0180]During school; one school year*n* *=* 795 low SES 3.8--6.8-year-oldIsrael2 parent orientation sessions. Teachers implemented sessions 5× per week and youth coaches implemented sessions 1× per week for 45 min/session (80% running games; 20% sports activities)10-m shuttle run testO group decreased total number of laps by 3 (males 0; females −5), while X group increased by 18 laps (males +20; females +17); overweight and obese O decreased by 2 and 3 laps respectively, while overweight and obese X participants increased by 17 and 18 laps respectively.[a](#tf0005){ref-type="table-fn"}N/A  [@bb0195][b](#tf0010){ref-type="table-fn"}Normal weight X group improved shuttle run (+1.8 stages) compared to O (+1.5 stages). Overweight X children did not significantly improve shuttle run (+1.7 stages) compared to O (+1.3 stages).\
Low fit X group did not improve shuttle run (+1.8 stages) compared to O (+1.6 stages). Normal fit X group improved shuttle run (+1.7 stages) compared to O (+1.4 stages). Neither weight nor fitness level were not found to modify intervention effects for the shuttle run.N/A  [@bb0235]During school; 1 academic year*n* = 652 migrant 5.2 ± 0.6-years-old preschool childrenSwitzerlandFour 45-min PA sessions/wk. Implementers gave 1 PA session/wk. Reduced to 2×/month after 4 months. Other sessions ran by teachers after two workshops. Every 2nd wk. children took home a PA card. Parents joined 3 discussions. Play equipment installed/provided to classrooms.20-m shuttle run testX group significantly increased shuttle run (1.7 stages) compared to O group shuttle run (1.4 stages).N/A  [@bb0115]During school; 10 weeks*n* = 111 children aged 4.28 ± 0.61-years-oldSpainThree 30 min training sessions/wk. Sessions included aerobic games that increased from a total of 15--18 min in duration over the 10 weeks.10 × 20 m shuttle runTime decreased by 8.5 s in the X group and decreased by 3.6 s in the O group. Group by time interactions were not statistically significant.N/A  [@bb0275]During school; 10 weeks*n* = 104 children 5-year-oldChina5 one hour supervised sessions/wk. 10 min warm-up and cool down. 40 min of moderate PA (walking, running, jumping, rope skipping, semisquatting, crawling) in 4 min intervals followed by 1 min rest. Exercise occurred at 50% of HR max (monitored by HR monitor).20-m shuttle run test; HR Index-HR response to a workload (30 squats in 30 s). Formula: resting HR + end exercise HR + recovery\
HR at 1 min--200) ÷ 10Obese X group increased their 20-m shuttle 1.05 laps compared to a 0.33 lap increase in obese O. Lean X group increased by 1.06 laps compared to a 0.32 increased in lean O. Results not significant.\
Obese X group decreased HR index by −0.96, while obese O HR index decreased −0.24. Lean X group decreased HR index −1.17, while lean O decreased by −0.12. Results were significant (*p* \< 0.001) for both groups.N/A  [@bb0305]12 months*n* = 357 children ages 3--5-years-oldChinaNew outdoor play policy (60--90 min with 10-min exercise session). Teacher received bi-weekly training (20 h total). Outdoor play curriculum developed and monitored daily. New outdoor play equipment. Monthly education webinars and newsletters for families. Internet resource website. Family events and new play equipment for families. Renovation of neighborhood playgrounds, including new equipment. Neighborhood events.20-m agility runChildren at the intervention center significantly decreased their 20 m agility run time (−1.22 s) compared to control (−0.59 s).N/A[^1][^2][^3][^4]Table 2Intervention components at each level of the ecological model.Table 2StudyIndividualInterpersonalInstitutionalCommunityPolicyTotal number of levels[@bb0010]100001[@bb0085]111003[@bb0115]100001[@bb0175]111003[@bb0180]111003[@bb0235]111003[@bb0275]100001[@bb0305]111115[^5][^6]

Results from the random effects meta-analysis suggested a moderate-to-large effect size for the ECEC-based interventions on CVF ([Fig. 2](#f0010){ref-type="fig"}). Due to high heterogeneity between study effects (Cohran\'s *Q* *=* 44.92*; p* *\<* *0*.001), subgroup analyses were conducted to explore differences. Randomized controlled trials had a larger effect size (*g* = 0.81 95%CI \[0.41--1.21\]; *n* = 7) ([@bb0275]; [@bb0235]; [@bb0085]; [@bb0115]; [@bb0175]; [@bb0180]; [@bb0010]), than quasi-experimental study designs (*g* = 0.43 \[−0.06--0.92\]; *n* = 1; *p* = 0.24) ([@bb0305]). Study interventions that occurred for one full academic year (*g* = 0.60 \[0.18--1.02\]; *n* = 4) ([@bb0275]; [@bb0085]; [@bb0115]; [@bb0010]) were less effective than those occurring for only a partial year (*g* = 1.00 \[0.27--1.72\]; *n* = 4; *p* = 0.35). ([@bb0235]; [@bb0305]; [@bb0175]; [@bb0180]) The study that occurred in North America (*g* = 1.40 \[0.52--2.28\]; *n* = 1) ([@bb0010]) had the largest effect size, followed by those that occurred in the Middle East (*g* = 1.13 \[0.61--1.66\]; *n* = 3) ([@bb0085]; [@bb0175]; [@bb0180]), Asia (*g* = 0.41 \[0.02--0.79\]; *n* = 2) ([@bb0275]; [@bb0305]), and Europe (*g* = 0.21 \[0.06--0.36\]; *n* = 2; *p* \< 0.01)\[27, 39\]. When examining methods of measurement, the study that used heart rate response to a set workload (*g* = 1.40 \[0.52--2.28\]; *n* = 1) ([@bb0010]) showed the strongest intervention effect, followed by those that measured CVF using timed runs (*g* = 0.89 \[0.06--1.73\]; *n* = 3) ([@bb0085]; [@bb0305]; [@bb0115]) and shuttle run tests (*g* = 0.60\[0.16--1.03\]; *n* = 4; *p* = 0.26) ([@bb0275]; [@bb0235]; [@bb0175]; [@bb0180]). Last, studies which included three or more components of the ecological model in their intervention (*g* = 0.79 \[0.34--1.25\]; *n* = 5) ([@bb0235]; [@bb0085]; [@bb0305]; [@bb0175]; [@bb0180]) were more effective than studies that intervened only at the individual level (*g* = 0.67 \[0.12--1.22\]; *n* = 3; *p* = 0.73) ([@bb0275]; [@bb0115]; [@bb0010]). None of the sub-analyses completely explained the heterogeneity in the results (*p*s \> 0.05).Fig. 2Forrest plot of the effect sizes for ECEC-based interventions on cardiovascular fitness outcomes (random effects meta-analysis). Review conducted in June 2018.Fig. 2

3.1. Assessment of study quality {#s0055}
--------------------------------

Quality assessments of each study can be found in [Table 3](#t0015){ref-type="table"}. Overall, the study quality was moderate, with an average of 17.9 ± 4.3 (63.9%) of twenty-eight items on the checklist being met. Studies demonstrated the lowest quality rating on power analysis and external validity criteria. Only one of eight studies reported a power analysis, and, on average, just over one (1.3, 43.3%) of three of the external validity items were reported. Other areas of bias had substantially better scores. On the reporting subscale, the average study reported 7.6 (69.1%) of 11 items: 5.0 (71.4%) of the 7 internal validity and 3.9 (65.0%) of the 6 selection bias items. The one quasi-experimental study included had comparable levels of bias with other studies, and, thus, should not have impacted the results of this review.Table 3Quality rating index scores.Table 3StudyStudy typeTotal QRI score[a](#tf0015){ref-type="table-fn"}\
(28 possible)Reporting score\
(11 possible)External validity\
(3 possible)Internal validity\
(7 possible)Selection bias\
(6 possible)Power analysis[b](#tf0020){ref-type="table-fn"}\
(1 possible)[@bb0010]E1963640[@bb0085]E1781350[@bb0115]E1881540[@bb0175]E1351430[@bb0180]E1351430[@bb0235]E26111761[@bb0275]E21101550[@bb0305]QE1681610*Mean (SD)*17.9 ± 4.37.6 ± 2.21.3 ± 0.75.0 ± 1.33.9 ± 1.60.1 ± 0.4[^7][^8][^9][^10]

Results from the funnel plot are depicted in [Fig. 3](#f0015){ref-type="fig"}. Interventions with large sample sizes (low standard errors) were dispersed evenly around the average effect size with several studies indicating small to no effect. Smaller studies (high standard errors) were skewed to the right, above the 95% confidence interval on the distribution, suggesting that there may be some evidence of publication bias related to these studies. Due to the small number of studies, statistical tests were not used.Fig. 3Funnel plot of intervention effect sizes (x-axis) and their corresponding standard errors (y-axis). Solid triangle represents predicted distribution and 95% confidence interval of effect sizes based on a null hypothesis. Dashed triangle represents the actual distribution and related 95% confidence intervals. Review conducted in June 2018.Fig. 3

4. Discussion {#s0060}
=============

Overall, this study found that interventions focused on improving the CVF profiles of young children impart a moderate-to-large effect on CVF. Interpersonal and institutional factors included in these studies focused on training and incorporation of teachers into intervention delivery, whereas parents were included through newsletters, discussions, orientation sessions, webinars, and family homework. In addition, PA equipment (e.g., posters, climbing walls, PA games, portable toys) was installed into classrooms and play areas of ECECs. The one intervention that included both community and policy level intervention components focused on center-level play policies, improved curricula and curricular monitoring, improvement of neighborhood play equipment, and neighborhood events for families ([@bb0305]). Strategies implemented by these studies are consistent with the literature on improving PA and supported by the EMPA, which posits that interventions that occur within multiple environments have linkages that allow transfer effects ([@bb0265]).

Hypothesized transfer linkages are a potential explanation for the slightly larger effect size of interventions that included three or more environmental levels found in this systematic review. In addition, the finding that multi-component interventions are more effective for improving CVF aligns with the current recommendations for including multiple environments in school-based interventions to improve PA, although effect sizes for school-based interventions on PA are smaller than those found for CVF in this meta-analysis ([@bb0280]; [@bb0025]; [@bb0295]). Two previous reviews that examined the relationship between school-based PA interventions and CVF in children, including older children, discovered that PA interventions only created small effects on CVF profiles ([@bb0225]; [@bb0025]). Smaller effect sizes could potentially be due to a dilution effect related to grouping all children, aged 3--12 years-old, into one analysis, as environments and developmental patterns in younger children differ from older children ([@bb0130]; [@bb0205]). In addition, the potential publication bias suggested by the funnel plot in this review could be responsible for the larger effect sizes found in this group of studies.

Several of the sub-analyses from this meta-analysis revealed interesting results. First, sub-analyses showed that full academic year interventions had smaller effect sizes than interventions that occurred for a partial year. Although this finding appears counterintuitive, intervention frequency (3×-6× per week), duration, and type (structured vs. unstructured) varied substantially across studies and may be responsible for these results. Previous research has shown that higher intensity, longer duration per session, and higher frequency of sessions per week have all been related to improved CVF levels ([@bb0300]). Many of the studies in the current review address frequency per week and duration per session, but differences in exercise intensity and type (aerobics, sport, free play, structure) preclude from defining a program prescription to compare across studies. In addition, it is unclear if the changes made within each intervention expanded upon time for PA (i.e., replaced sedentary activities with PA), extended the amount of time available for PA, or enhanced the quality of current opportunities to be physically active, which may be related to the effectiveness of each intervention ([@bb0030]). Future studies that address CVF should include and report measures of frequency, intensity, duration, and modes of PA to facilitate comparisons across studies and describe the patterns of PA present before the intervention occurred.

Second, sub-analyses revealed that effects varied substantially based on the measure used to discern CVF (*g* = 0.44--1.40), and that the strongest intervention effects were found with the use of heart rate monitoring ([@bb0010]). Although heart rate is important to measure in relationship to CVF, submaximal exercise heart rate has been found to be variable in preschool-aged children ([@bb0190]). In addition, issues related to pacing or motivation may prevent children from reaching maximal exercise intensity. There is no gold-standard, field-based measure for CVF, and previous reviews suggest that a shuttle run test with a pacesetter may be the best option ([@bb0215]; [@bb0255]). However, this test may be influenced by factors other than the cardiovascular system (weight, motivation, motor competence, perceived motor competence, listening skills). Future studies that validate field-based measures of CVF in preschool-aged children and/or develop new measures are needed to advance the field.

Overall, subgroup analyses from this study should be viewed as exploratory (i.e., hypothesis generating) as they were generated in an attempt to explain heterogeneity, not created a priori. Due to the small number of studies, some of the subgroup analyses contained only one study per subgroup. Thus, effect sizes for that subgroup represent the effect from a single study and not a body of literature. Subgroup analysis results by nature are observational and should be viewed with caution.

4.1. Strengths {#s0065}
--------------

A strength of this meta-analysis lies in the choice of a narrowly defined age range. By selecting only studies with young children, environmental intervention components specific to this age group can be analyzed. Pre-primary children often face a unique set of environmental circumstances compared to elementary-aged children including shorter school weeks, higher levels of teacher engagement in activity lessons, and higher initial levels of PA ([@bb0065]; [@bb0105]). In addition, preschool teachers often have more flexibility in how to implement PA interventions within the classroom ([@bb0095]). By examining only preschool-aged children, findings from this study have increased applicability to young children\'s early care and education and, thus, are more likely to be successfully implemented, resulting in higher levels of CVF. Furthermore, CVF has been found to have higher inter-age correlations than PA in childhood, suggesting that children who improve their CVF early on in life may sustain improved CVF into later childhood ([@bb0130]). Future research should determine whether CVF intervention effects in childhood can be maintained as children age.

A second strength of this meta-analysis was the high methodological quality (mean QRI score = 17.9) of this group of studies compared to other studies that have examined health-related interventions ([@bb0075]; [@bb0230]; [@bb0285]). Initial testing during the design process found an average QRI score of 14 for a randomized controlled health care intervention, while an average score for a quasi-experimental study was 11 ([@bb0075]). Subsequent use of the QRI in two PA interventions revealed that 11 and 12 of (\~75--80%) the items were reported, although several scales were modified to remove less relevant items ([@bb0230]; [@bb0285]). In this group of studies, all but two ([@bb0175]; [@bb0180]) of the randomized controlled trials and quasi-experimental studies scored at least 14 or higher on the QRI checklist, which suggest a high level of scientific rigor for the studies included in this review.

4.2. Limitations {#s0070}
----------------

Despite the strong methodological quality overall, only one study reported a power analysis and controlled for clustering related to having multiple classrooms in their analysis ([@bb0235]). Three studies ([@bb0275]; [@bb0305]; [@bb0115]) determined that there was a significant intervention effect, which was later erased when an estimated design effect was applied. On average, fewer than half of the items were reported in relationship to external validity, which limits the generalizability of these findings to larger and more diverse populations. Despite the limitations related to power and external validity, scores for reporting, internal validity, and selection bias were high suggesting that this body of research applied rigorous study designs with high internal consistency. Although potential publication bias may have increased the overall quality of studies included in this review, the finding from these studies are likely real effects and not due to poor methodology or flawed research practices within individual studies.

When interpreting the evidence presented in this review several factors should be considered. First, this meta-analysis found a high level of heterogeneity in the studies, suggesting that studies were more different from one another than similar. Based on the small number of studies and the variety of characteristics of the studies included in this meta-analysis, an increased amount of heterogeneity is to be expected. Characteristics that may have contributed to the heterogeneity are inclusion of both experimental and quasi-experimental study designs, use of multiple measures of CVF, interventions with varying numbers of intervention components, multiple countries with differences in early childhood education systems, and lack of reporting on external validity. Further, this analysis was unable to compare sociodemographic differences between study populations. Although some explanations for heterogeneity were explored through stratified analysis, interaction among several factors could have still occurred which allowed increased levels of heterogeneity to remain. Furthermore, multi-component interventions were delivered as a package, and reporting on implementation of specific intervention components was scarce. Due to limited data on which components of the intervention were delivered, no attempt was made to determine which intervention components were most effective for increasing CVF. Lack of reporting on implementation fidelity has been shown to be a problem in comprehensive school-based PA interventions and more studies aimed at increasing CVF are needed to determine the extent to which implementation plays a role in the improvement of CVF in early childhood ([@bb0170]).

A second element that should be considered when interpreting the results of this meta-analysis is the choice of measure used to determine CVF. The majority (7/8 studies) of studies in this review used field-based measures of CVF, including shuttle and distance runs, while only one study examined the effects of CVF interventions on a physiological outcome. CVF is the ability to perform large-muscle, whole-body exercise at moderate to high intensities for extended periods of time and is best measured by physiological responses to exercise in lab-based conditions ([@bb0005]; [@bb0020]). Only one study in this meta-analysis measured heart rate, a physiological component related to CVF, while other studies use performance on field-based tests, which estimate CVF through prediction equations. Field-based tests and related prediction equations can be a useful tool in the community-based or school setting. However, the field-based tests for CVF used in this review have not been validated for use in young children (\< 6 years old), and, thus, may be related to constructs (PA, MC, motivation) other than CVF ([@bb0215]). Of the tests used, the 20-m shuttle run has been shown to be reliable (*r* = 0.84), but none of the timed runs (i.e., 10 × 20 m shuttle, 600 m run, 20-m agility run), the modified shuttle run, or the heart rate response to a set workload have been shown to be reliable in preschool-aged children ([@bb0215]). This sentiment is further supported by Ruiz et al. who reported that run/walk tests are not an accurate measure of CVF in young children as there is a major challenge in developing pacing ([@bb0190]). Nevertheless, CVF is an important construct to understand in young children, as it has been shown to be consistently related to improved health profiles in adolescents and adults ([@bb0165]; [@bb0260]).

5. Conclusion {#s0075}
=============

This meta-analysis suggests a strong effect of ECEC-based interventions on CVF in preschool-aged children, and use of an ecological framework to develop interventions appears to impart some benefit compared to individual level interventions alone. Relative contributions of intervention components at each level of the framework have yet to be determined, but parents and educators can currently utilize components from multiple levels of the ecological model to improve the CVF profiles of their children.
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[^1]: Review conducted in June 2018.

[^2]: Bpm-beats per minute; HR-heart rate; O-control; PA-physical activity; SES-socioeconomic status; X- experimental.

[^3]: Lap changes are estimated from a graph where a standard deviation is not reported. Exact values are not reported in the manuscript.

[^4]: Same Study as Puder et al. 2011. Analysis of intervention effects by weight (overweight vs. normal weight) and fitness (low fitness vs. normal fitness).

[^5]: Review conducted in June 2018.

[^6]: 1 = Level of the model included in the intervention; 0 = level of the model not included in the intervention.

[^7]: Review conducted in June 2018.

[^8]: QE = Quasi-experimental; E = Experimental; SD = Standard Deviation.

[^9]: Total QRI score is a composite of the 5 subscales.

[^10]: Power Analysis was reported in the manuscript (1 = yes; 0 = no).
